Introduction: the aim of this article is to realize a meta-analysis of published data evaluating open nephrectomy, laparoscopic nephrectomy and cryoablation for small renal masses to define the current data, and to adjust oncological results for patients and follow-up heterogeneity by performing econometric estimations.
Introduction
Worldwide, more than 100 000 deaths occur from renal cell carcinoma (RCC) each year. RCC accounts for 2-3% of all adult malignancies and is the most lethal of the urologic cancers (Parkin et al., 2002; Jemal et al., 2003) . Unlike many other cancers, the incidence of kidney cancer is steadily increasing at a rate of about 2.5% per year across population groups (Pantuck et al. 2001; Hankey et al., 1999; Chow et al., 1999) . Recent techniques of abdominal imaging have revealed a new population of renal tumors whose size is less than 4 cm. This population currently represents 60% to 70% of incidentally detected renal tumors (Chow et al., 1999; Russo, 2000) . Over 30% of these small renal tumors are benign or indolent, and many are growing slowly (Frank et al., 2003; Rukstalis et al., 2006) at about 0.35 cm per year (Bosniak et al., 1996) .
Although small lesions may be at low risk for dissemination and metastases, they have the ability to metastasize, that's why ablative treatment is commonly performed for small renal masses with imaging criteria suspicious for malignancy. Besides, this ablative treatment is all the more necessary insofar as current techniques of medical imaging are unable to clearly distinguish between benign and malignant tumors, and because results of biopsies are only 70-80% reliable (Dech et al., 2003; Israel and Bosniak, 2005) . Given this uncertainty and the risk of morbidity associated with excision of renal tumors through open surgery, urology surgeons are therefore increasingly favoring techniques that are less invasive, such as laparoscopy and percutaneous ablation of renal tumors by radiofrequency or cryotherapy. The latter two techniques are not yet part of the standard list of treatments available for patients as their therapeutic efficacy is not statistically supported by a sufficiently large number of medical studies over long periods. For this reason, many physicians consider these new promising techniques as experimental and are hesitant to use them. These two techniques can also be used in open or laparoscopic methods and their use is generally limited to: renal tumors less than 4 cm, exophytic or polar, non-cystic, away from the elements of the hilum (vessels and pelvis) and the digestive structures, and in a single kidney or a transplanted kidney.
The aim of this article is to perform a comparison of four different operative techniques for small renal tumors: open nephrectomy, laparoscopic nephrectomy, cryoablation surgery, and percutaneous cryoablation. In doing so, a systematic literature review is provided by comparing the results of the cryoablation technique to standard procedures (i.e. open and laparoscopic nephrectomy) for small renal tumors. Subsequently, from a subset of observed values, missing data is randomly simulated because studies often lack some data. This data simulation allows for a more precise analysis of oncological results. Finally, econometric estimations are performed to adjust oncological results for patients and follow-up heterogeneity.
Systematic literature review

Methodology
Search engines used for this systematic review are Embase, CINALH, AMED, OVID HealthSTAR, OVID Medline, Mantis, Pubmed, ScienceDirect, British Medical Journal, Cochrane Database, and the Center for Research and Dissemination. The websites of the Quebec "Agence d'évaluation des technologies et des modes d'intervention en santé", the National Institute for Health Research (NIHR) Health Technology Assessment Programme, the International Network of Agencies for Health Technology Assessment, the InfoBank of the Canadian Medical Association, the National Guideline Clearinghouse, and the "Répertoire des recommandations de bonne pratique & des conférences de consensus francophones" were also consulted.
The reference period used for the search for articles was from the beginning of January 1996 until October 31, 2008. The languages used for this research are mainly English and French. The key words used in the different search engines are: cryoablation, cryotherapy, cryosurgery, cryobiology, laparoscopic, renal, kidney, and tumor.
Studies found duplicate in several search engines were considered as a unique study (i.e. they were not accounted several times). Results provided by the search engines and web sites consulted allowed listing more than 2000 articles from journals with a peer review committee, and four guides of good clinical practice. Among these articles, many did not correspond to the object of this research. Thus, all articles that did not address renal tumors in humans were excluded. To determine which articles were to be excluded, summaries of each of them were read by two reviewers and their appropriateness with the subject of this research was discussed according to our inclusion criteria (i.e. renal tumor, cryoablation, laparoscopic and open surgery, statistical analysis). The number of articles resulting from this initial selection was thus reduced to 325. After reading these 325 studies, with the exclusion criteria adopted (i.e. research on animals, five or less patients, studies with subgroups of patients mostly from other studies, studies giving average results of several techniques of ablation or surgery without the possibility of making a distinction, metastatic kidney cancer), only 154 studies constituting 227 groups of patients were finally selected for this analysis. Within these 154 studies, only two were randomized and 25 designed as prospective; however, none of them were on cryoablation. Moreover, it is important to note that in almost one study in four (34/154) no information on the type of methodology is provided. Given these factors, it was difficult to exclude studies in accordance with their level of evidence without losing too many details. Moreover, often, there is no significant difference in the quality of randomized trials methodologically well designed and observational studies methodologically well designed (Benson and Hartz, 2000; Concato et al., 2000; Pocock and Elbourne, 2000) .Consequently, it was decided to exclude studies on the basis of the quality of the information provided by using the STROBE checklist (Note 1). In some cases, authors of the studies were contacted in order to get additional information about the study design and the analysis. Studies failing to meet a minimum of 15 to 22 items were excluded from this analysis, which finally allowed retaining 152 studies. All items were discussed between two reviewers. Whatever where is the information provided in the study, this information was considered suitable to complete the checklist. Discrepancies and disagreements between the two reviewers were discussed with a third reviewer who indicated if the study meets or not the item in the STROBE checklist. The decision of choosing a selection criteria that may seem weak (i.e. a minimum of 15 to 22 items) is due to the fact that not having certain information due to a limited number of words imposed in the published literature should not be a strict exclusion criteria because it does not guarantee a low level of evidence from these studies. 
Results
Studies available in the peer-reviewed, published scientific literature are mostly in the form of case series studies. Some of the studies had small sample sizes and short, incomplete follow-up. Patients included in the studies were those with renal masses under 7 cm in diameter, located on the periphery of the kidney, as determined by diagnostic imaging studies. In many of the cases, a definitive histological diagnosis was not available until the chirurgic or the cryoablative procedure had been performed, and only a proportion of patients in each study had confirmed RCC. According to the literature, this can affect interpretation of results, as patients with benign lesions would likely have more favorable prognoses than those with malignant lesions. Moreover, the pooling of outcome data could make cryoablation appear more effective than if all patients had RCC (Gill et al., 2000; Rukstalis et al., 2001; Russo, 2005) . To correct the results for this potential bias, controlled econometric estimates were conducted to calculate rates of recurrence and cancer-specific survival rates at five years. By cons, it was not possible to control for possible publication bias.
Description of the cryoablation technique
Cryoablation is indicated in patients who would become anephric following nephrectomy, either because they have a solitary functioning kidney or bilateral renal tumors. The procedure may also be considered in patients who have any comorbid situations that could lead to renal function deterioration in the future. Besides being an alternative to patients who cannot tolerate or may refuse surgical nephrectomy, cryoablation spares renal function and decreases pain, morbidity, hospital stay, and operation time. Its less invasive nature -especially when it is used percutaneously -makes cryoablation a preferred choice among approaches for elective interventions.
Cryoablation is a technique in which an average of 2 cryoprobes are inserted in the center of the tumor, either surgically or percutaneously pinpointed by computed tomography (CT), magnetic resonance imaging (MRI), and/or ultrasound. Cryoprobes are then cooled and heated by means of a gas, which cause cell death as a result of crystallization and recrystallization causing mechanical cell damage in the acute setting, and apoptosis and vascular amputation in the subacute setting. During the warming phase, an ischemia is created in the treated area because of vasoconstriction, endothelial injury, and microvascular thrombosis. If the freezing temperature is between -19.4°C and -40°C (Chosy et al. 1998) , all tissues virtually turn to 100% necrosis. However, when one moves away from the point of application, the temperature increases, suggesting less efficiency as the tumor margin is approached. It is therefore important to apply an ice ball at least 6-8 millimeters beyond the tumor margin (Desai and Gill, 2002) . In addition, double freezing, when compared with a single-freeze approach, has been shown to produce a larger area of necrosis in an animal model (Woolley et al., 2002) . As a consequence, the (sonographic) determination of the ice ball is an essential part of the procedure.
The practice of cryoablation in conjunction with open surgery or laparoscopy is usually recommended when PC may cause intra-abdominal organ injury, the reason why PC is generally reserved for posterior tumors. Table 1 gives the characteristics of the patients:
Patients' characteristics
As compared to the standard approaches for the treatment of renal tumor, independent t-tests were used to compare all the means. The statistical significance level for each test was set at P<0.05, based on a two-tailed test. Results show that: -LC and PC are significantly used for older patients: the minimally invasive nature of cryoablation reduces certain risks associated with a conventional operation (bleeding, etc.) for a category of patients particularly at risk;
-
There are systematically and significantly larger percentage of men to be treated with PC compared to other types of intervention. The fact that men are statistically almost two times more likely than women to have a malignancy (Snyder et al., 2006) could have consequences as regards to recurrence and specific-cancer survival rates. However, the percentage of malignant tumors is not significantly greater for patients benefiting from PC;
The American Society of Anesthesiologist (ASA) score, reflecting the prevalence of medical comorbidities, is significantly higher for patients with LC and PC; no data are available for open cryoablation; -With the exception of LPN, cryoablation -whatever the method used -is performed for tumors significantly smaller than for tumors using the standard approaches. Although cryoablation is rarely used for tumors larger than 4 cm because of technical constraints and larger costs (more cryoprobes, gas, etc.), this has already been performed on larger tumors; however, the potential number of failures is higher than with smaller tumors (Sewell and Shingleton, 2004; Sausville et al., 2008) ;
The percentage of malignant tumors is generally significantly less important for patients benefiting from a cryoablation than for patients benefiting from a standard approach. Such a discrepancy could be explained by a probable overuse of minimally invasive techniques for small incidental masses for which open nephron-sparing surgery would not be considered. New data on the growth rate of tumors particularly < 2.5 cm would indicate that the majority remains indolent, and surveillance is indicated in those patients who are elderly or with significant comorbidity that precludes surgical intervention. Therefore, if cryoablation can treat these patients with a relatively small risk, this should lead to an increase in interventions for tumors suspected as malignant but whose final prognosis concludes with a benign condition. Table 2 gives the main clinical outcomes:
Clinical outcomes
As compared to the standard approaches for the treatment of renal tumor, independent t-tests were used to compare all the means. The statistical significance level for each test was set at P<0.05, based on a two-tailed test. Results show that:
-
The operation time for PC is approximately one hour shorter than for other types of intervention. This gain is mainly due to a lesser need for mobilizing medical equipment, a practice technically more simple, and a much lower theoretical complication rate. The literature review revealed an average of two cycles of cooling-warming for cryoablation, then corresponding to a total of 19.8 minutes cooling time. In general, most studies indicate a time of warming equal to the time of cooling; -A significant reduction of hospital stay was observed, in the range of 0.66 to 5.11 days less according to the type of operation performed. This reduction tends to indirectly confirm the less invasive nature of cryoablation to the extent that it should theoretically lead to a reduction in bleeding and peri-and postoperative complications; -Insofar as cryoablation does not require ischemia to minimize the effect of a tumor excision (i.e. there is no tumor excision), this technique is regarded as risk-free, as compared to partial nephrectomy. This advantage of cryoablation is particularly important vis-à-vis the laparoscopic partial nephrectomy in that the latter is currently very difficult to perform owing to the great difficulty in obtaining renal parenchymal hemostasis during tumor excision and the consequent high risk of bleeding. Moreover, LPN may be associated with an increased risk of impairment of ipsilateral renal function owing to ischemic damage during warm ischemia time; -A significantly lower blood loss was observed with cryoablation. Because cryoablation requires no renal parenchymal hemostasis, the low losses of blood observed are mainly due to the excisions performed by the open and laparoscopic surgery, and to the bleeding that may result from the withdrawal of cryoprobes;
As regard the complication rates during and after the intervention, cryoablation does not present any significant difference with the standard approaches.
Results are at first quite surprising because a lower rate of complications for cryoablation was expected, particularly with PC, because of the less invasive nature of this technique. However, literature review suggests that the different types of complications were not consistently reported in all studies. This type of omission can mean two things: either a few complications are not reported -in particular certain minor complications and postoperative complications -or there were no complications. Faced with this lack of information, it is difficult to determine with accuracy and precision the rate of complications according to the kind of intervention.
Oncological outcomes
The follow-up of the studies is generally too short to obtain evidence on the rates of recurrence and survival associated with the different types of intervention. Indeed, the follow-up of a patient treated for a RCC should theoretically be for a period of at least 15 years because even late recurrences have been reported. Moreover, in a significant number of studies (Gill et al., 2005; Littrup et al., 2007) , survival rates were calculated for populations in which some tumors are benign or indolent, which creates a problem of comparability between studies, especially as the results of biopsies are themselves subject to some uncertainty (Dechet et al., 2003) .
In addition, the studies identified for this research present patients with features such as sex, age, tumor size, body mass index, ASA score, and so on, which can be very different and may have a significant effect on recurrence and specific-cancer survival rates. To control for this heterogeneity in patient characteristics and follow-up durations, the rate at 5 years for recurrence and specific-cancer survival for a representative patient was calculated from the coefficients obtained by each econometric estimation of these two dependant variables for each kind of intervention (Table 3) . Econometric estimations are based on ordinary least squares (OLS) regression with nine independent variables and weighted by frequency. The nine variables are: duration of the follow-up, sex, age, tumor size, percentage of malignant tumors, ASA score, whether the kind of intervention is imperative or not, % of exophitic or peripheral tumors, body mass index. Furthermore, it must be noted here that although one of the most important determining factors for a five-year survival rate is the presence of kidney metastasis before surgery, and because none of the patients in the sample used for this study showed this characteristic, this factor could not affect the results provided in Table 3 . Finally, to improve the accuracy of the estimations, a random data simulation for missing data was performed in Stata Version 8. Each missing data entry of the imputation variable is imputed by values randomly drawn from a subset of observed values, that is, its donor pool, with an assigned probability close to the missing data entry that is to be imputed. Each data simulation is based on the mean, the minimum and the maximum, and the standard deviation from its donor pool. New data are generated when the donor pool represents a minimum of one-third of the final sample. As a result, 27% of the data was generated in the final sample, which enabled to almost double the number of observations in the econometric estimates and to consider more variables of control. However, it is noted that the results obtained show very little difference with those obtained without simulation.
Local or nearby recurrence rates
With cryoablation, a recurrence is considered when the size of the lesion increases instead of decreasing or when a new cryoablation or standard surgery had to be performed. Although the increase of the size of the lesion observed by medical imaging is a good predictor of the recurrence of the disease in the case of cryoablation (Weight et al., 2008) , this technique does not guarantee a result that is 100% accurate (Schwartz et al., 2006; Stein et al., 2008) . Regarding standard techniques of nephrectomy, a recurrence is considered when, in a review of medical imaging, a new tumor appears at the site of resection (local) or at a location a few centimeters away from the site of resection (nearby).
Once controlled by the duration of the follow-up and the main characteristics of patients, the five-year local or nearby recurrence rate on a same kidney and the five-year specific-cancer survival rate for each kind of treatment techniques for renal tumors are obtained for patients sharing the same characteristics.
Rates of local or nearby recurrence provided in Table 3 indicate the lowest rates for the standard approaches. Within this category, rates for open nephrectomy are probably slightly higher than those of laparoscopic nephrectomy because of the generally more advanced stage of the tumors operated on, a feature that could not be controlled because of very less data from the reviewed studies.
Both open cryoablation and especially percutaneous cryoablation present particularly high rates of local or nearby recurrence (Note 2). As for open cryoablation, there are no objective reasons explaining why this rate is twice higher than that of LC and almost four times higher than that of OPN, except that the low number of observations that was found in the literature has led to a bias by not being representative of the reality, and that cryoablation is a new technology. On the contrary, with regard to PC, the difference is well explained by the number of technical failures of percutaneous procedures. The main reasons for these failures are twofold: 1) it is more difficult to accurately locate the tumor with medical imaging techniques than with a micro-camera (laparoscopy) or by the direct view of the surgeon (open surgery); 2) cryoablation is a new technology. The published studies are often based on the results of the first experiences of physicians who seem to have imperfect control of the percutaneous approach. This last point is probably decisive, because just as in the studies of Simmons and Gill (2007) and Thompson et al. (2005) , it is very likely that a similar pattern will evolve with the technical failures of PC interventions. Indeed, these authors observed a sharp decline over time in rates of complications of laparoscopic partial nephrectomies because of the acquisition of greater experience by physicians.
Finally, if these results suggest that cryoablation techniques are -on the basis of recurrence -worse than standard techniques, it means that, for patients with local or nearby recurrence, these techniques mainly lead to delaying the date of the partial or radical nephrectomy using a standard technique without causing additional damage (i.e., there are no significantly more metastases with cryoablation than other techniques according to the meta-analysis performed by Kunkle et al. (2008) ). For all other patients who did not require re-operation, cryoablation allows them to benefit from a minimally invasive technique.
Specific-cancer rates
According to Table 3 , the five-year specific-cancer survival rate are quite similar, whatever the technique used. However, it should be noted that when there is a recurrence of the tumor or the development of metastases, the approach used by the physician to treat this new development of the kidney cancer is not necessarily the one that has been used at the outset, particularly when it was a cryoablation. Therefore, results of five-year specific-cancer survival rates for each initial approach are probably biased by the last approach in the case of multiple interventions. It is very likely that this bias applies only to cryoablation practices insofar as for open and laparoscopic nephrectomy, the main principles of oncological renal surgery are the same: primary access to the renal vasculature and their ligation before the kidney is mobilized and resected.
Other studies using more control variables to calculate or compare specific-cancer survival rates found results similar to those presented in Table 3 . For example, in the study by Leibovich et al. (2004) , the five-year specific-cancer survival rates following an open partial or radical nephrectomy are, respectively, 98% and 86%, but after adjusting the data by the patients' characteristics, this difference is not statistically significant (Note 3).
Conclusion
Although there are still concerns about the safety of the LPN -longer warm ischemia times compared with OPN and the reported high rate of complications -, LPN is now considered by a growing number of specialists as a gold standard for small renal tumors (Shuford et al., 2004) . Thus, it is from that point of reference that the technique of cryoablation should be compared. Principally the new technique has to address two points: is the cryoablation approach a safe procedure and are the oncological results equal to standard surgery?
It seems that the answer to the first question is positive insofar as a large number of studies indicate complications rates and hospitalization times lower or identical for cryoablation as compared to standard approaches. The main advantages of cryoablation as compared to laparoscopic and open nephrectomy are: less postoperative pain, a faster recovery, and a more rapid return to normal activities (Ono et al., 1999) . These advantages and a consequent reduced period of convalescence not only reduce direct medical costs for hospital and patients, but also reduce the economic losses related to a long-term morbidity. In contrast, hemorrhage around the cryolesion may inhibit accurate post-treatment size measurements (Russo, 2005) , as well as the removal of the cryoprobe creates a potential risk of bleeding and dissemination of cancer cells along its route.
The answer to the second question is more indecisive. Indeed, if the current evidence suggests that cryotherapy for renal cancer is able to ablate tumor tissues and that the safety of the procedure is adequate, its long-term efficacy has yet to be established. The results provided by Table 3 indicate quasi identical values of the five-year specific-cancer survival rates for both cryoablation and standard techniques, but much higher values of the five-year local or nearby recurrence rates for cryoablation, especially for PC. To reduce this problem, the team NICE (2007) recommends that the procedure should only be offered after evaluation by a multidisciplinary team, which should include an urologist, an oncologist, and an interventional radiologist. Nevertheless, given the fast pace of change in the cryoablation technology and its relative simplicity of use, more and more patients are expected in the near future to benefit from this technique with the same degree of efficiency than the current standard techniques (Kunkle et al., 2008) . 
